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S Y N 0 P S I S 
This thesis deals with the practical aspect of the laboratory 
examination of contaminated insulators. A technique which gives a 
pollution curve for cylindrical insulator models is described. The 
technique is later extended to apply to practical insulator shapes, 
giving curves which can be used to assess insulator performance. A 
method of applying these curves to results obtained in the field is 
suggested. The method takes into account the effect of insulator 
shape and weather conditions, on the accumulation of contaminant at 
a given test site. In addition, a system is described whereby 
leakage currents from contaminated insulators can be measured and 
recorded. Typical results obtained are given as examples of system 
application. 
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C H A P T E R I 
INTRODUCTION 
The engineer has been aware of the problems caused by the con-
tamination of external insulation since about 1912. Since then, a 
great deal of information has been contributed towards the solution of 
these problems. Their solution is still of vital importance today. 
Unless these problems are solved they will continue to be a stumbling 
block to the distribution of the large amount of power required for 
modern-day production and living. 
Voltages in excess of 1 WM are being planned for future trans-
mission systems, and as industry expands the pollution problem presents 
an increasing threat to reliable power transmission. Great progress 
has been made in controlling effluent output into the atmosphere. At 
coastal towns and cities these benefits are being offset. This is 
because urban areas are increasing in size, and due to lack of space, 
power stations, switchyards, and transmission lines, are being placed 
nearer the coast. Here the problem of salt pollution will remain, 
because natural phenomena are more difficult, if not impossible to 
control. 
PREVIOUS WORK AT THE UNIVERSITY OF CAPE TOWN 
Work in the field of polluted insulators at the University of 
Cape Town was started at undergraduate level in 1971. At that time 
a choice had to be made between the two basically different methods 
of laboratory pollution tests. These are the salt fog method and the 
1 
predeposited method. The salt fog method was rejected, since it 
requires a special testing chamber and associated spray equipment, due 
to the highly corrosive effect of the salt. In addition, the two main 
disadvantages are that the order of merit for.insulator types is given 
as a measure of salinity concentration, and that each test is of very 
long duration. The salinity is a very difficult variable to relate to 
insulator perfomance under service conditions, where the measure is 
usually conductivity, salt deposit density, or leakage current counts. 
The predeposited method was thus chosen. 
The idea was to develop a simple test for polluted insulators, 
I 
and initially tests were conducted using cylindrical glass tubes as 
model insulators. These cylinders are roughly ? cm in diameter, on 
which two copper electrodes are attached about 22 cm apart. To achieve 
a good contact between the copper strips and the glass cylinders, the 
edges of the electrodes were filled with 'Gun;..(3um', which is a slightly 
conductive compound. 
The pollutant used was a standard suspension of 100 gm of Kiesel-
guhr, 10 gm of Aerosil (Si02) as an inert water retentive substance, and 
one.litre of distilled water. Different conductances were achieved by 
adding various amounts of common salt. The model insulators were then 
sprayed by hand to get a thin, even, but subjective,· deposit, and 
allowed to dry. 
The models were then wet to maximum conductivity, using a fine 
distilled water mist. A steam fog was also used initially, to try to 
achieve uniform continuous wetting, but was found to be unsuitable. 
After wetting was·completed, the.spray was removed, and a 
known voltage was applied to the unit. This method is known as the 
predeposited prewet process. A variation of this method was to achieve 
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maximum conductivity, and to keep the water mist on the specimen, whilst 
applying the preset voltage to the unit. This is known as the predepos-
ited continuous wetting process, and was used to try to validate the 
predeposited prewet method. 
The conductivity was determined by applying a 500 V a.c. source 
to the model, once it had b.een completely saturated, and measuring the 
leakage current flowing through the unit. This was converted to sur-
face conductivity er by multiplying the measured surface conductance s 
Gs by the form factor F. 
To understand how form factor comes about, and its function, a 
small digression is necessary. 
For a given volume of substance of volume resistivity p, or 
volume conductivity o; length l, thickness t and width w giving an 
area A, the resistance R and conductance G are given respectively by 
and 
R = ,e.l = _e.l 
A t.w 




°S • w 
1 
1 
Thus the surface conductivity is given by 
= = · Surface conductance x Form factor. 
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For complicated shapes, such as cones or insulators, the width 
is given by circumference, which is a function of diameter. However, 
for these shapes, the diameter is a function of leakage distance, or 
distance from one electrode, and the form factor can be expressed in 
general terms as : 
where 
F = ;~ ds 
0 Tr .D(s) 
s = leakage distance measured.from one electrode 
D(s) = diameter at s 
~ ~ total leakage distance. 
For the simple cylindrical models used, the form factor becomes 
F = jo~ _d_s_ 
n.o(s) 
= .-:..L . .,c.f. 
TT.D 
Therefore the form factor takes into account the insulator shape, 
ensuring that all insulators can be evaluated independent of shape. 
The form factor can be obtained by direct mathematical integration, 
or by graphical integration. 
ThroLghout this thesis, the measured surface conductance is 
1 
w 
referred to as conductance. No real distinction has been made in the 
use of the term conductivity, althoLgh volume conductivity, and sur-
face conductivity are different concepts. When the term conductivity 
occurs, it is clear in which sense it is used, however, in some cases 
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For each test, the voltage at which a particular model would 
either flash over, or dry completely and with-stand the applied 
voltage, was plotted as a function of model conductivity, measured 
immediately preceding voltage application. The envelope of flashover 
l 
points gave the curves shown in Fig 1. 
It was found in all cases that if a model did not flash over 
within 30 seconds of voltage application, it would not flash over at 
all. This occurred regardless of the test method, and even under 
continuous spray conditions. Attempts to reproduce the flashover 
phenomenon as it occurs in practice were not successful. After 
the model had been allowed to dry, it was energised with voltages 
ranging from a nominal working voltage of 6 kV, to voltages of over 
20 kV. It was then sprayed with a mist of distilled water to try to 
induce a flashover. Regardless of the energising voltage, the model 
withstood this voitage and remained dry. 
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C H A P T E R II 
.PRELIMINARIES TO POLLUTED INSULATOR MODEL TESTS 
DETERMINING CLEAN MODEL CHARACTERISTICS 
Tests were started using the previously described cylindrical 
insulator models. In previous years, the models had been tested on a 
wooden frame as suspension which had proved unsatisfactory, due to the 
configuration used, and severe leakages were present from the models 
to earth over the surface of the wooden frame. A new metal suspension 
and a different configuration were used which overcame this problem. 
The clean dry flashover voltages of the models were determined 
by observing ten flashover voltages for each insulator, and obtaining 
a temperature, pressure and humidity corrected average. The results 
are given in Appendix B, and the circuit diagram is given in Fig 2. 
The averages were plotted against model length, and as a 
function of model diameter, and are shown in Fig 3. The flashover 
values obtained were slightly lower than those of_previous years. 
This is due to the different suspension arrangement, and thus a 
different capacitive field distribution. 
The flashover voltage does not alter much with changes in 
length and diameter, but this was expected, since the distance be-
tween electrodes varies from 21,8 cm to 23,2 cm, and diameters vary 
from 6,3 cm to ?,1 cm. To see whether there was any effect due to 
a change in surface area, flashover averages were also plotted as 
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THE CONDUCTIVITY BRIDGE 
It was mentioned previously that the conductivity of the wet 
model insulators was determined by applying a 500 V a.c. source to the 
unit and measuring the current flowing. This may have resulted in 
subsequent preferential drying of the unit in certain places. It was 
felt that equivalent or better results could be obtained by using a low 
voltage a.c. bridge. 
Apart from its simplicity of use, compared to the previous 
method, it was also used to determine pollutant slurry conductivity 
before spraying. Far this application, a conductivity cell was also 
constructed, and used in conjunction with the bridge. It was hoped 
that the measured slurry conductivity could be used as a definite 
guide to the final sprayed conductance. 
The operation of the bridge is quite simple. The complete 
circuit and an explanation of the way it works is given in Appendix 
A, and the bridge is shown in Photograph 1. The two bridge arms are 
operated in antiphase from a 15 V - 0 - 15 V centre tapped trans-
former, as shown in Fig 4. The same centre tapped winding drives 
two transistors in phase cross-over to function as switches. Thus 
at the electrodes a maximum of 15 V R.M.S. is applied.to the unit 
under test. This is considered high enough to overcome slight 
irregularities in surface pollutant deposit, but low enough to 
ensure that drying is not due to measurement technique •. This was 
checked by polluting the two model insulators and wetting them to 
the same measured conductance. The bridge was continuously connected 
to one of them, and from time to time the leads were removed and 
connected to the other model to monitor its conductance. It was 
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The conductivity bridge 
Fig 4 Conductivity bridge operatic~ 
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Photograph 2 Unbalanced bridge sinusoidal display 
Photograph 3 Balanced bridge sinusoidal display 
11 
Photograph 4 Unbalanced bridge raster display 
Photograph 5 Balanced bridge raster display 
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dryi ng wa s thus only due to normal atmospher i c eva pora tion a nd not due 
to the current flowing . In f act for a pollution surfa ce conductance of 
10 ~S a current of 150 µA flows, which is negligible . 
The ba lance indicator used wa s an oscilloscope, the output 
being fed to the Y input of the oscilloscope. The time base can be 
set to lock on the mains frequency, giving an output as shown in 
Photograph 2, balance being indica ted when the ha lf-waves are of equal 
magnitude as in Photogra ph 3. An alternative is to use a very f as t 
time base, giving a raster, and since the sinewave spends more time 
nea r to its peak value, it gives two sharp bright upper edges, as 
shown in Photograph 4. Photograph 5 shows the balance condition using 
the raster. In all cases, increased sensitivity can be achieved by 
increasing the gain and lowering the Y axis to show only the peaks of 
the switched output waveform. 
The bridge has three ranges, overlapping at the ends, measuring 
conductance from 1 to 1000 µS. This is ample range for the type of 
work involved, and the bridge has the great advantage of not inducing 
polarisation, since it is an. a.c. bridge. 
The unit was calibrated by connecting accurate variable 
resistors into the electrode sockets and marking the balance position 
of R
1 
onto a plastic backing. The unit is accurate to half a division 
on all the ranges. 
It must be noted that the bridge in fact measures conductance 
in micromhos. The measured conductance is then converted to conduct-
ivi ty by the fonn factor obtained from the insulator dimentions. 
A conductivity cell to measure sxurry conductivities was 
manufactured by the Chemistry Department of the University, to the 
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Fig 5 Conductivity cell calibration 
BRIDGE + CELL (µ$} 
Photograph 6 
The conductivity cell 
I 
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It consists of a glass cell with a vent hole, and glass supported 
2 plati num electrodes about 1 cm each, set 1 cm apart. The glass 
covering and support ensures that calibration, once performed, is kept 
constant, and the cell can be used with thick slurries without damage 
or change. The cell was calibrated against the laboratory Dionic 
water tester. 
A solution of salt and water was made up and its conducti vity 
determined using the manufactured cell and the Dionic water tester. 
Various concentrations were used for each range, and best-fit lines 
were determined. The original calibration was performed with wa ter 
at 16°C, and for other temperatures, tables must be used when 
measuring solution conductivity at these temperatures. The relation 
between the conductivities obtained using the two cells, can be 
expressed in equation form from Fig 5 as : 
Range (µS) Equation 
0,6 12 D = 0,9 + 0,8 T 
6,0 120 D = 5,0 + 7,2 T 
60,0 1200 D a 10,0 + 67,0 T 
Where D a Conductivity given by the Dionic water tester, 
and T • Conductivity obtained by using the cell and bridge. 
MIST CHARACTERISTICS 
A collapsible wooden frame, 3 m x '3 m x 3 m, with a clear plastic 
cover was built for polluted insulator tests. The laboratory water 
supply was from a constant head tank, giving a maximum pressure 
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of 16 p. s .i., a nd the air supply was from a small compr essor capable of 
del i vering 2 ,5 cu.ft. of air at 25 p.s.i. Two sizes of Fogje t wa ter 
nozzl es were erected diametrically opposite, on the verti ca l supports 
of the tent, a nd were used to create a hollow cone, wide-angle round 
spray. A diagr am of one of the nozzles is shown in Fig 6. By con-
trolling air and water pressures a wide range of mist densities was 
possible inside the tent. 
After initial estimates had been made of the expected air 
pressures and water flow rates, a 0,3 to 30 l/h flowmeter, and a 
0 - 1 bar a i r pressure gauge were purchased. More accurate readings 
were then taken at various air pressures and water flow rates. The 
mist in the teant was collected through a funnel into a measuring 
cylinder placed at the centre of the tent, and at about the height 
where an insulator under test would be. After the mist had stabil-
ized for about 10 minutes, timing was started and the volume of water 
collected after 1 hour and 1~ hours was noted. The results shown in 
Fig ? show that for a constant water flow rate, a roughly logarithmic 
relationship exists between air pressure and volume of water collected. 
A linear relationship was found between the volume of water collected 
and flow rates, for constant air pressure settings. The results tend 
to show that the particle size produced by atomisation has a bearing 
on the amount and rate of wetting produced on a particular insulator 
under test in such a tent. At low pressures, larger particle sizes 
result from incomplete atomisation, and under the influence of gravity 
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Fig 8 Vapiac overload limit characteristic 
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THE REGULATION PROBLEM 
The l a boratory supply used previously was found to have t oo high 
a regulation for testing contaminated insulators. When wet pol luted 
insulators were energised, a voltage drop of half the applied voltage 
resulted, or a regulation of 50 io. This meant that the current was 
seriously limited,probably affecting the drying of the insulators 
and hence the flashover process. The problem persisted when two 
phases of a Variac were used in parallel instead of the alternator. 
The trouble was due to high turn-ratio of the laboratory transformer, 
a high magnetisation current, a low output current of 0,3 A, and that 
only a small portion (20 io) of the available output voltage was being 
used. The alternator has a synchronous impedance of 246 kn referred 
to the transformer secondary, whilst the transformer itself has a 
short-circuit impedance of 62. kn referred to the secondary. To over-
come this problem a small 18 kVA, 33 kV/220 V-440 V distribution 
transformer was purchased. 
A buck-boost arrangement was used with a 5 kW, 220 V/ 55 V 
transformer in the buck mode, and two phases of a Variac in parallel 
were used as the regulator. This ensured that only part of the short 
circuit current would be supplied by the Variac, while a choke coil 
eliminated circulating currents .. between the Variac phases. Fast 
acting 25 A fuses were used with each phase of the Variac, which invar-
iably operated on flashover. The supply current on flshover, as 
measured with a galvanometric recorder, was found to be 250 A R.M.S. 
For a voltage setting of 20 kV to 25 kV, about 100 A is supplied by 
the Variac, or 50 A per phase. This is 2:5 the rated current, and the 
Variac characteristics in Fig 8 show that this can be supplied for 

































































































wire, a nd a hand-operated breaker was used to dis connect power to t he 
tra nsfonner on flashover. A U.V. r ecording of current showed tha t the 
breaker was normally opera ted within 10 cycles of flashover occurri ng . 
The 13 A fuses only blew if the supply was left i n for a bout 5 s econds , 
which is well within the Var iac capability. I n hundreds of flashovers 
this a rrangement was found to be very satisfactory, no ha rm having 
come to the Variac windings or brushes. 
The final circuit used for all subsequent testing is shown in 
Fig 9. The new transformer enabled a voltage range of 12 kV to 33 kV, 
which was adequate for model testing, or for testing singl e insulator 
units. The new arrangement gave less then 1 kV drop on energising a 
contaminated model, which is about 4 ~ regulation. 
SLURRY CONDUCTIVITY AND MODEL INSULATOR CONDUCTANCE 
Using the conductivity bridge, measurements were made of various 
pollutant slurry conductivities and corresponding insulator model con-
ductance after spraying. Slurries were made of a standard Keiselguhr 
suspension, composed of 100 gm Keiselguhr, 10 gm Aerosil (sio2 ), and 
1,0 litre of distilled water. Varying amounts of salt were added to 
alter the conductivity. A suspension of Kaolin and distilled water 
with varying amounts of salt was also used. 
Once the slurry conductivity had been determined, the bridge 
electrodes were connected to the model insulator electrodes. In this 
way it was possible to continuously monitor the applied pollutant 
conductance, and ensured no time lag between application and measure-
ment. This monitoring method was also used on all subsequent spraying 
occasions, and not only for this portion of the tests. 
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Results showed that there was no correla tion between slurry 
conductivity a nd i ns ul a tor conductance af ter spraying . This is because 
t he pollutant l a yer was s prayed onto the model by hand , and is thus a 
very sub jecti ve l a yer. Both uni formi ty in cover a nd t hickness of deposit 
a r e diffi cult to achieve and r epea t , the visual observation only being an 
appr qxi mation. It was a l so found t ha t after the f i r st coat had dried, 
and a second coa t was s pr ayed on, the r esul tant model cond uc tance did not 
double. This is due to s ever a l f actors. One is again t he probl em of 
sub j ective spraying. Another i s that t he first layer i s not wet t o the 
same extent by the new coa t, as when i t wa s f i rst appl i ed. A fur ther 
f actor is tha t s ome dryi ng occurs whilst s pr ayi ng, beca use of the dryi ng 
effect of the compressed a ir. 
The problem of subjectivity can be allevia t ed by sprayi ng with a 
mecha nical arra ngement of a number of nozzles, evenly spa ced a round the 
model, the model being pulled through the resulti ng r i ng of spra y at a 
constant speed. Deposit conductivity and deposit density can then be 
varied, both by changing the amount of salt in the pollutant slurry, and 
by altering the rate at which the model is pulled through. The problem 
of wetting the model to the same extent after the second coa t of pollutant 
has been applied, is more difficult. It would require further spraying 
with distilled water until maximum conductivity is achi eved, but this 
point is very close to when the deposit runs off the surface. 
Slurry conductivity can therefore only be used as a rough guide 
to spra yed pollutant conductivity. If high values of conductivity are 
required on insulators, a high slurry conductivity is preferable, and 
vi ce versa. This generally eliminates thB need for thick deposits on 
the insulators if high values of sprayed conductivity are requi red, 
keeping deposit thickness to tolerable values. 
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C H A P T E R III 
CONTINUOUS WETTING TESTS ON MODEL INSULATORS 
The predeposited prewet method of assessing contamina ted 
insula tor behaviour is both very simple to use, and is very quick, 
compa red to the other test methods available for such tests. How-
ever, before it can be used for insulator assessment, it should be 
validated against another method, such as the predeposited continuous 
spray method, to ensure that the results obtained are the same for 
both tests. For this reason, continuous wetting tests on model 
insulators were undertaken. 
Tests were conducted on model insulators which had been hand 
sprayed with a standard Kieselguhr suspension, to which some salt had 
been added. A varying number of layers was applied to achieve higher 
conductivities, rather than increasing the salt content and using only 
one layer. This eliminated making up ]if( a number of solutions, 
although it resulted in slightly thicker deposits. Because only two 
or three layers were applied; this was thought justified and possibly 
gave a more even deposit density. The layers were applied with the 
conductivity bridge continuously connected to the model electrodes, 
to continuously monitor conductance. After the model.¢'s had dried, 
they were placed in the mist tent, the conductivity bridge still being 
connected, and a mist was introduced into the tent until the model 
reached maximum conductance. 
However, certain problems were soon experienced. Wetting of 
the models took between 20 and 40 minutes, at the end of which time, 
they were only wet on the sides that faced the spray nozzles. 
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The ot her two s i des r ema ined dry , and it wa s necessary to ro tate the 
cyl i nders by 90° to a chi eve comple te wetting . When t his was done the 
measured conductance rose quickly a nd markedly , confi r ming incomplete 
wetting . The wetting i n these conditions is thus due ma inly to l arger 
drops falling onto the model, because of incomplete atomisa tion . This 
was verified by lowering the water flow r ate from 15 l / h to 5 l / h. I n 
this case , wetting took over one hour. The longer time required ma y be 
attributed to the lower r esultant mist density, but the model still had 
to be rotated , although the observed rise in conductance , was no t as 
great as before. The amount of water being pushed . out into the mist 
tent therefore had little effect, except to determine the r a te at 
which wetting occurs in specimens. An increase in wetting rate is 
mainly due to the increased mist density that occurs with higher water 
flow rates. The wetting rate is also affected by the air pressure. 
Although a higher pressure promotes finer atomisation, the spray is 
projected further at the same time, and more water falls onto the 
polluted unit. 
When the sp'ray nozzles were pointed away from the insulator 
models, achieving maximum conductance took even longer, but a more 
even wetting took place. 
It was felt at this stage that the priedeposited continuous 
wetting method is a small variation from the predeposited prewet 
method. Once maximum conductance has been achieved, and the model is 
energised, the only difference between the two methods is that a fine 
fog is enveloping the model in the continuous wet test. Flashover 
develops normally within 30 seconds of voltage application if it 
develops at all, otherwise the unit dries out completely and remains 
dry. In this time, provided the mist is not too heavy, rewetting of 
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the model is min i mal, a nd a lmost no difference should be experienced 
with r esults from either method. This is dealt with more fully i n 
the next chapter. 
During the wetting interva l before energisa tion, it was found 
tha t as wetting continued, the measured conductance kept on increasing 
until the pre-deposited layer washed off. The conducta nce rose to a 
value greater then that recorded when the pollutant was first a pplied, 
and this occurred in all cases, even when only one layer had been 
applied. Moreover, the conductance often kept on increasing, even 
after the pollutant deposit had washed off. The final value was 
usually half as great again as the measured applied conductance value. 
This shows that the conductivity of the laboratory water supply was 
far too high, compared to applied model conductivity. 
The conductance reached was thus not only a function of the 
initial pollutant conductance, but was also a function of the deposit 
thickness, and hence the water thickness if the specimen is fully 
saturated. This not only applies to thick layers, but due to the hi gh 
water conductivity, also applies to the present tests. The flashover 
process would then be influenced, and possibly governed by the latent 
heat of evaporation of water when the voltage is applied and drying 
occurs. 
Tests with the mist tent were thus abandoned. This type of 
test could be resumed, without having to alter ~he water conductivity, 
if very high pollutant values are required for tests. It was then 
decided to validate the prewet method with the aid of results obtained 
in previous years for the continuously wet method. 
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C H A P T E R I V 
PREOEPOSITED PREWET TESTS ON MODEL I NSULATORS 
Validation of the predeposited prewet method was achieved by 
comparing results from the predeposited prewet method, with previous 
years' r esults from the predeposited continuously wet method . At the 
same time, the method of us ing partial but un iform wetting wa s i nvest-
igated as a means of insulator assessment. This set of tests wa s 
performed using Kieselguhr as pollutant. To determine whether a 
Kaolin suspension could be used to obtain equi va lent results, pre-
deposited prewet tests with full wetting were also conducted. 
KIESELGUHR TESTS USING PARTIAL WETTING 
The first set of tests using the partial wetting technique was 
performed using a standard Kieselguhr suspension, only one coat being 
sprayed onto the insulator models used previously, the conductivity 
being adjusted by adding s alt to the suspension. Photograph 7 shows 
a polluted and a clean insulator model. During spraying, the wet 
conductance was measured, and the unit was subsequently allowed to 
dry. Once dry it was sprayed with distilled water from a hand-held 
spray gun, but the conductance was not allowed to reach its previously 
recorded value. The unit wa~ sprayed as evenly as poss i ble from a 
distance, so tha t uniform but partia l wetting took place. The con-
ductivity bridge was then removed and a known preset voltage was 
applied. Whether the unit withstood the applied voltage or not was 
noted, and this voltage was recorded on a graph against the measured 
conductance, adjusted by form factor to give conductivity. 
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Photograph ? Contaminated and clean model insulators 
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The number of times that individual models were used before re-polluting 
depended on the condition of the surface after each test, and the model:s 
were generally used for three tests before washing. 
The up / down method of obtaining the 50 °/o flashover probability 
voltage was tried without success. In theory once this probability has 
been found, a normal Poisson or Binomial distribution is assumed, and 
any other flashover probability value can be determined. The method 
consists of applying a known voltage to a polluted specimen of known 
conductivity. Flashover or withstand is noted for this voltage, the unit 
is allowed to dry, and is subsequently re-wet to the same conductivity 
as before. The voltage is lowered or raised respectively by 5 °/o and the 
result is again noted. This is repeated until there is a change of 
result, when the voltage is now raised or lowered respectively by 5 °/a. 
The voltage for the SO °/o flashover probability is then given by 
~ (n v) 
~ n 
where n is the number of times the voltage V was used, irrespective of 
whether a flashover or withstand was recorded. The method relies on at 
least 20 observations being made for a given conductivity value, with 
each voltage value recurring three or four times. It was not possible 
to achieve exactly equal conductivities without performing an un-
acceptably great number of tests, and since only a few tests were 
performed for each conductivity value, the resulting curve was very 
distorted. 
However, all the individual results, given in Appendix B, were 
platted on a graph, and the envelope of flashovers gave the curve 
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KAOLIN TESTS USING FULL WETTING 
The next set of tests was performed using a Kaolin and distilled 
water supension. Two types of clay were easily available, a dark grey 
one and a white one. The dark clay has impurities, including iron and 
a number of oxides, and is unsuitable. The white clay on the other hand 
is extremely salt free and inert, this clay having a lower conductivity 
than Kieselguhr for equal amounts in suspension. It has good binding or 
adhesive 'properties provided not too much water is added. 
A slurry was made up using this clay and distilled water, of a 
consistency suitable for spraying. Insulator models were again sprayed 
with one coat of pollutant, and the conductivity was adjusted by adding 
salt. 
For some tests however, the models, once dry, were sprayed with 
distilled water to their maximum conductance, and this value was always 
close to the one measured when the pollutant was first applied. 
Excessive spraying with water caused pollutant run-off, and a certain 
amount of care had to be exercised. As before, a pre-set known voltage 
was applied·to the unit under test, and the envelope obtained from the 
tests is shown in Fig 10. Individual results are given in Appendix B. 
Again only three tests per model were conducted, each time spraying 
with distilled water to achieve maximum conductance. If more tests 
were perfonned, the flashover voltage tende? to become erratic, probably 
due to ionic salt concentration redistribution. 
/ 
DISCUSSION OF RESULTS 
It can be seen from Fig 10 that the curves obtained by the two 
different methods are close to one another, whilst the effects of 
... 
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subjectivity in these tests must still be borne in mind. Both curves 
were obtained using the predeposited prewet technique. In one case, 
Keiselguhr was used with uniform, but partial wetting, to achieve any 
desired conductivity. Al tho,ugh salt is the conducting medium, the 
amount of distilled water sprayed onto the unit determines the conduct-
ivi ty, before energisation. In the other case, Kaolin was used with 
uniform full wetting to achieve the maximum possible conductivity, with-
out causing the run-off of the deposit. 
The· curves obtained in 1971 and 1972 are reproduced in Fig 11, 
to which has been added the curves from Fig 10. The previous years' 
results were obtained by two different operators, using a standard 
Kieselguhr solution, with both continuous and pre-wetting techniques. 
Certain observations can now be made, and conclusions drawh 
from these results. 
The end result of the two sets of tests is that the curves 
obtained by the two techniques are close to the ones obtained in 
previous years, and that they are also close to one another. 
The results of Kieselguhr tests with partial wetting, show 
that since this curve is close to ·the continuous wetting curves, the 
predeposited prewet technique is equivalent to the predeposited 
continuously wet technique, and the test method is thus validated. 
Furthermore, partial wetting can be used instead of wetting to 
maximum con~uctivity, provided the measured conductance before 
voltage application is used to plot the curves. This can be con-
cluded, since the Kieselguhr prewet curve using partial wetting 
is again close ta all the other curves. 
The results of Kaolin tests with full wetting show that 
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This is because the curve obtained with Kaolin is again close to the 
prewet curves of previous years, and in both cases, the models were 
taken to maximum conductivity, ensuring equivalent wetting technique. 
The fact that the partially wet curve using the Kieselguhr, 
and the fully wet using the Kaolin are close to one another, has a 
further significance. It means that any inert .pollutant can be 
applied to achieve a pollution curve. 
The predeposited continuous wetting type of test is therefore 
only a variation of the predeposited prewet test. If in both tests 
similar units are sprayed until they reach similar maximum conduct-
ivities, and then are subjected to a voltage stress, then the results 
should be close to one another. This is true of the results above. 
Any difference that may occur should be due to the fact that in the 
prewet case there is no enveloping mist, and in the continuous wetting 
case the unit has mist around it on energisation. This can influence 
the results in two ways. Firstly, as an arc is inclined to travel 
more easily in the resulting steam, the continuous wetting case may 
lead to a slightly easier condition for flashover. Secondly, the 
enveloping mist will tend to modify the resistance of the unit 
since it will continue to wet the surface. 
It must also be remembered that·the application of the pollutant, 
the method of measurement of conductivity, and the method of wetting the 
models, were performed by three different operqtors, working indepen-
dently of each other. 
Fig 12 shows the envelope of boundaries for all six curves of 
Fig 11 on a voltage scale to the mean, clean dry flashover value for all 
models. The shaded portion between the full lines is obtained from 
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is the presumed envelope limits to the clean flashover value. 
The average difference of all the curves together, related tq the 
lowest boundary was found ta be ?,3 °/o. This percentage difference is 
arrived at by noting the voltage difference between the lower and upper 
curve for a given conductivity from 1 µS to ? µS, and expressing this 
value as a percentage of the voltage of the lower curve at the chosen 
conductivity. These percentages are then arithmetically averaged to 
give the final percentage difference. 
It is necessary to use this method, or a similar ohe, since the 
position of the curve for the same insulator varies with conductivity, 
(or the amount of pollutant deposit), and it is not possible to relate 
conductivities to a clean, dry flashover voltage value. 
The analysis of the difference between continuous and prewetting 
curves for separate years gives averages of 3,?'°/o for 1971, and 5,7 °/o 
for 1972. This tends to reinforce the view that the two techniques are 
almost equivalent. The difference between partial prewetting and wett-
ing to maximum conductivity was found to be only 2,5 io, which indicates 
that either method can be used to obtain a curve for a polluted insu;.. 
la tor. 
In all cases the observed difference is less then 6 °/o, whilst 
the lowest difference is only 2,5 °/o. These differences may therefore 
be ignored. This view was supported by Professor Kind, who is the 
director of the High Voltage Research Institute at Brunswick University. 
In a conversation he stated that f~r laboratory tests on insulators 
under polluted conditions, due to the large number of variables 
involved; a difference of 5 °/o in performance or results is not very 
significant, and that in Europe, a difference of 10 io or greater is 
regarded as being significant. 
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Thus either the predeposited prewet method, or the predeposited 
continuous wetting method can be used to obtain pollution curves for 
insulators in the laboratory. However, one method should be used 
throughout to maintain consistency of proceedure. It can also be seen 
that any inert pollutant can be used to give these curves, and that it 
is possible to use any desired conductivity. It follows that after 
initial contamination, instead of using distilled water, a salty sol-
ution may be ·sprayed to increase conductivity, without having to make 
up a number of batches of pollutant with varying amounts of salt. All 
this greatly facilitates the testing, and the time required for such 
tests is also considerably shortened. 
Some conditions must however_be noted to qualify the above 
statements. 
a) The pollution film must not be too thick, since this may 
influence the flashover process by impeding the escape of steam formed 
after energisation. 
b) Not too much water must be used to bring the insulators to 
a given conductivity, since the flashover process may be influenced 
by the large amount of latent heat required to evaporate the water for 
dry bands to form. 
c) It must be ,ensured that wetting of the pollution layer is 
uniform. If this is not so, preferential drying takes place at a point 
which has been wet more thoroughly. Dry band formation may then be 
governed by this, and the flashover process may again be unjustifiably 
influenced. Uniform wetting is especially important at low conductivity 
values. This may be improved by using a.low conductivity pollutant in 
the first place, such as Kaolin, which requires more water than Kiesel-
guhr to achieve an equal conductance for the same deposit density. 
It can be argued that the above conclusions and conditions may 
not apply to practical insulators, especially in the field, where almost 
invariably, there are uneven pollutant deposits, non-uniform wetting and 
amounts of water ranging from a fine fog to a heavy shower. 
However, the conclusions and conditions apply to tests performed 
in the laboratory, and specifically to the model insulators tested. No 
attempt has been made to reproduce surface contaminant distribution that 
occurs in practice, but an attempt has been made to develop a simple, 
quick, reliable, and efficient testing technique, to judge polluted 
insulators in the laboratory. This has been shown to have been achieved, 
at least with cylindrical model insulators. The next major step, was to 




C H A P T E A V 
SIMULATION OF FOG TYPE FLASHOVER 
Before tests on practical insulators were started, an 
investigation was conducted into the problem of inducing a flashover 
under mist conditions, when polluted models were already energised. 
As mentioned previously, it had been impossible to induce a flashover 
at any voltage below the clean flashover value, using the continuous 
wetting technique when the insulator models were already energised. 
It was thought that if trouble-prone insulators, as used in 
practice on lines and substations,were removed and tested for their 
conductivity using distilled water, they would show fairly high 
conductivities. The conductivity values determined from leakage 
current measurements cannot be regarded as true conductivities, due 
to the dry ban~~ occu~ng under energised conditions. Even under 
arcing conditions, when large currents may flow, to leave only a 
small portion of the conducting surface between various arcs, the 
remainder of the insulator is non-conducting, due to the dry bands, 
unless arcs are present there as well. Thus in general, the apparent 
conductance measured by leakage currents tends to be low, but to 
produce a flashover, the real conductance of the unit without dry 
bands should be high. 
To test this idea, the same model insulators were used, 
polluted with one coat of standard Kieselguhr suspension, but a 
large amount of salt was used to give a measured wet conductance 
of about 10 times normal, i.e. between 60 µSand 100)-JS. The 
test voltage range was from 6 kV to 25 kV and various mist den-
sities were used by adjusting water flow rate into the tent. 
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The lower voltage value was chosen so as to give about one inch 
leakage distance per kV • Although models were used, the figure L-L 
approximates the values found in practice. Starting with a dry · 
energised model in the tent, in all cases the insulator model under 
test ,. flashed over within 15 minutes of introducing the mist spray. 
The mist took between 5 arid 10 minutes to stabilize in the tent, 
and flashover occurred earlier with higher energisation voltage 
and with higher water flow rates. When lower voltages and lower 
mist densities were used, the flashovers took longer to occur, but 
again, in all cases, the model flashed over. 
The discharge stability criteria proposed by various 
investigators all try to relate the complex voltage, current, and 
pollutant res is ti vi ty combina tibns to the simple final result of 
flashaver or withstand. The dry band and flashover processes are 
easier to understand if treated qualitatively, and Pig 13 shows the 
processes. 
Starting with a wet polluted insulator that is subsequently 
energised, dry band formation and arc developement occur as follows. 
The current flowing causes preferential drying of the pollutant at 
one point. For a cylindical model, the position of this point is 
normally determined by some slight irregularity, or some point where 
a thicker surface deposit is present. For practical insulators this 
point is normally near one of the electrodes, because of the 
increased current density there due to insulator shape. The current 
density in the wet region near the dry·point is now increased, and 
further drying takes place. This continues until a thin dry band 
is formed around the insulator. Since this narrow band cannot 
support the voltage stress, an arc develops. Further drying takes 
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Fig 13 · Dry band and arc formation,· leading to withstand or · 
f lashover 
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place at the arc roots, and the arc is forced to move. The arc can 
travel either to the electrodes, or circumferentially around the insu-
la to~r. In the latter case, the dry band widens, until it can withstand 
the voltage stress, and the arc is finally extinguished. 
The arc can of course, travel to the electrode at any time 
after dry band formation. If the voltage stress across the arc is 
lower than the- value required to maintain it burning, the arc will 
extend towards the electrodes. This is achieved if the resistance 
in series with the arc is decreasing faster then the arc can travel 
circumferentially around the insulator, or in fact, completely dry 
the pollutant at the roots. Flashover then results. But this is 
exactly what was achieved in the laboratory. The models had a high 
conductivity. When wet by a mist spray, a conducting path was 
achieved which soon caused a dry band and an arc to develop. How-
ever, due to the large amount of salt present, the conductivity of 
the wet portion fell very fast, and the arc travelled from one 
· electrode to another, following an ever-decreasing resistance path 
to create flashover. Only a small amount of water was required 
for this because of the high ionic salt solubility. This is 
important, since it has direct application to the pollution condit-
ion found at the coast, where the pollutant collected by insulators 
i~ mainly crystalline salt. 
The low values of conductivity chosen for the tests on 
models in previous years, ~xplains why flashover under e~ergised 
conditions was never achieved. 
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A paper presented at a recent Symposium on High Voltage 
Engineering in South Africa, in Johannesburg 1 :n November 1974, held 
a possible key to the verification of the idc that the measured con-
ductivities of polluted insulators in servic0· id to be high for 
flashover to occur. It was reported that a t ·ing of insulators 
which had flashed over fn service had been rr: ·ved, and the flashover 
had been reproduced in a laboratory when energised at service volt-
age and sprayed with water mist. 
It was suggested that the conductivity of the un-energised 
insulators when saturated with distilled water, be measured. The 
six insulators were of the Bullers flat disc type, but unfortunately 
their resistance was measured with a digital multimeter. ·The follow-













Thus their conductance varied from 0;178 µSta 0,98 µS. Assuming an 
insulator form factor of 0,519 the corresponding surface conductivit-
ies are 0,09 µS and 0,51 µS respectively. The law conductivity 
values may be explained in the fallowing manner. 
Under service conditions the insulators would be subject to 
deposition, and when moistened, arcing would occur. The dry bands 
form first at regions of highest current density, namely the cap and 
pin, and severe arcing would almost always be present. With water 
evaporation and arc movement, most, if not all of the deposit at the 
cap and pin would be removed and swept away by the wind. 
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A digital multimeter is a very low voltage instrument, thus bridging 
of these gaps would not be possible, and incorrect information would 
be obtained about surface conductivity. It is still felt that for 
flashover to be possible at working voltage, the surface conductivity 
would have to be considerably higher than those quoted. 
This is because laboratory tests on model insulators in 
previous years did not flash over when conductivities used were in 
the order of 6JJS, and energisation voltages were about 20 kV. 
Secondly, flashover occurred at an equivalent service voltage with 
model insulators only when conductivities were in the order of 50 µS. 
The problem is then one of measurement, For service insu-
la tors the gaps between the electrodes and the pollution layer 
should be eliminated if unenergised values of conductivity are to be 
measured. This can be done by using a high voltage source for a few 
seconds to bridge any gaps present with arcs, and then measure the 
leakage currents. An alternative is to use a conducting paint or 
paste to short these gaps out. 
The problem of measuring the true conductance was again 
present in the next chapter, where tests were performed on practical 
insulators. 
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C H A P T E R VI 
PRACTICAL INSULATOR TESTS 
The simple technique of partial prewetting was extended to 
practical insulators. If an order of merit could be obtained using 
different insulator shapes, the technique would be fully validated. 
The order of merit obtained in the laboratory need not be the same as 
the one obtained from field tests. This is because with the tests 
described below, the self-cleaning properties determined by insulator 
shape are not taken into account. 
Two types of insulators were available. One was a Pilkington 
toughened glass insulator, with a diameter of 10" and a leakage 
distance o'f 11". The other type was a Bullers open profile or flat 
disc type with a 12" diarneter to achieve the same 11" leakage dis-
tance as the Pilkington type. The insulators are suitable for 
11 kVL -L each, giving about one inch leakage distance per kVL-L. 
Photograph 8 and Photograph,9 show the tops.and the undersides of 
both insulator types. 
In spraying the insulators with pollutant it was found that 
the measured conductance was only in the order of 1 µS. This was 
found to be due to the sprayed pollutant not making good contact 
with the metal cap and pin of the insulator. The problem was over-
come by filling the gaps with a semi-conducting compound called 
'Gun-Gum'. For laboratory work the gap can be filled with any 
conducting or non-conducting filler, prov~ded it leaves a smooth 
finish and is not easily soluble in water. If a non-conducting 
filler such as cement is used however, the form factor for the unit 
has to be re-calculated to take into account the increased leakage path. 
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Photograph 8 Pilkington and Bullers insulators (tops) 
Photograph 9 Pilkington and Bullers insulators (undersides) 
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After the gaps hnd been filled, the insulators were again 
sprayed whilst measuring the conductivity, and this time conductivity 
measurements showed considerable improvement. 
To obtain the complete range of conductance values required, 
different methods were used. One or two layers were sprayed on, with 
suspensions containing various amounts of salt to achieve the re-
quired conductance. For lower values, a Kaolin suspension was used 
instead of the standard Kieselguhr suspension. Again, one or two 
coats were sprayed on, with suspensions containing various quantities 
of salt. 
If only one coat of pollutant was used, the wet conductance 
was recorded, and the insulator disc was energised at a preset volt-
age. The result was noted and the insulator disc was allowed to dry. 
When throug·hly dry the insulator was sprayed with distilled water, 
while the conductance was again measured. The insulator was not 
necessarily taken to its previously measured conductance value whilst 
being sprayed, but it was end:Voured to spray as uniformly as possible. 
" 
The pollutant layer was then allowed to stabilize for a minute or so 
before voltage application. _It was noticed in most cases, that during 
this period the measured conductance rose slightly, and then remained 
quite steady until the water evaporated under natural drying. The 
measured conductance rose because more salt nuclei became ionized as 
the water permeated the pollutant. The slight ~ncrease after spraying 
was particularly noticeable, if incomplete saturation, and hence incom-
plete salt ionisation was obtained by partial but uniform wetting. 
The drying and wetting process was repeated, obtaining another 
conductance value. In this way, at least three differen~ values of 
conductivity were achieva:ifor a particular insulator disc before wash-
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ing it, cutting down the amount of time and work required to obtain a 
pollution curve. 
If two layers of pollutant were applied, the unit was 
allowed to dry before spraying on the second layer. Monitoring of con-
ductance showed si~ilar results to those obtained when polluting models, 
when more than one layer was applied. 
After the second layer had been applied, and its conductance 
noted, the unit was energised at a preset voltage. The result was 
noted and the unit was allowed to dry. The wetting and drying process 
was repeated two or three times, each time testing at a different 
conductance value. 
The reason for allowing the insulators to dry completely bet-
ween tests was to allow the insulator and poliutant to regain ambient 
temperature. With the arcing produced from energisation, a lot of 
steam was produced, raising the insulator surface temperature. By 
allowing restabilisation of temperature, it ensured that preferen-
tial drying of pollutant after energisation was not influenced by 
temperature inequilibrium. 
A separate curve was obtained for each type of insulator. 
The results which g~ve the curves shown in Fig 14, are given in 
Appendix B. The curves are the envelopes of the lowest voltage 
which caused flashover for a particular measured conductance, and 
the transition from flashover to withstand was clearly defined for 
both curves. 
It must be noted that the curves were obtained using one 
insulator disc of each type. It is realiEed that results obtained 
by testing single units are often erratic, but the curves obtained 
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that distor.ted results have been obtained. 
The tests described rely an plotting a measured conductance 
. t 
and if two or more units had been used for a set of tests, all units 
would have been required to have the same conductance on energisation. 
This is not impossible to achieve, but still difficult. 
It should also be remembered that in practice, when one unit in 
a string of insulators flashes over, the complete string invariably 
flashes over, because critical unit stress is exceeded. This tends to 
indicate that one would be interested in single unit performance, 
although the behaviour of a number of units in series is not necessarily 
the same as a single unit. 
Fig 15 shows the same curves when the measured conductance is 
adjusted by insulator fO~ffl factor to give conductivity values. As 
expected, the form factor correction causes an appreciable change in 
the curve positions, but one curve still remains above the other. The 
form factor was calculated to be 0,?38 for the Pilkington insulators, 
and 0,519 for the Bullers types. The integration was performed manu-
ally from the enlargements of diagrams of insulator cross-sections, 
by measuring the insulator diameter at equal increments of leakage 
distance. Some errors may have arisen in the method of obtaining the 
cross-section, and the graphical integration, but since the same 
methods were used for both insulator types, it is hoped that the same 
error resulted in both cases. Care must be taken in diameter accuracy 
close to the cap and pin, since the form factor is a function of the 
inverse of the diameter and serious errors could result. All possible 
care was taken, but the form factor figuPes quoted should only be taken 
as a guide, and it is preferable to obtain the cross-sections directly 
from the manufacturer, who may also be able to supply the form factor. 
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The error however, is estimated to be less than 5 °/o, and can be con-
sidered insignificant; especially since the curves are moved an equal 
amount if the error is the same for both insulators. Form factor for 




s = leakage distance measured from one electrode 
D(s) = diameter at s 
L = total leakage length 
Conductivity = F x Conductance, thus true surface conductivity of the 
pollutant deposit is given by multiplying the measured conductance by 
the insulator form factor. 
Therefore, by using different pollutant suspensions, various 
amounts of salt, and a variable amount of uniform wetting, separate 
pollution curves were obtained for the two different types of insulators 
tested. 
The only criterion used to obtain these curves was the measured 
conductance, converted to conductivity by form factor. 
The results re-inforce the conclusions drawn from the model 
insulator tests, namely, that provided pollutant layers are kept thin, 
and that moderate but uniform wetting is ensured, it does not matter 
·what pollutant is used, and that pollution curves can be obtained by 
noting the.insulator conductivity before energisation. 
As it happens, the order of merit obtained in the laboratory 
is the same order of merit as that found in practice. The Pilkington 
type are found to work satisfactorily_at first, but after appreciable 
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pollutant build-up, they are very trouble prone whilst the Bullers 
. ' . 
flat disc type have been found to work satisfactorily throughout. The 
way in which the laboratory curves can be applied to tests conducted in 
the field will be discussed in the next chapter. 
The relative increase in insulator performance under polluted 
conditions can now be analysed. The one thing that can be stated with 
certainty, is that in the laboratory tests with insulators having the 
same surface or specific conductivity, the Bullers flat disc type 
perform better than the Pilkington type. The increase in performance 
under laboratory conditions cannot be related to an absolute standard, 
or to the clean dry flashover.value. For this reason, the lower curve 
in Figs 14 and 15 is used as the base curve, in a similar manner to 
model insulator tests previously. The voltage difference between the 
curves for equal conductance values can be expressed as a percentage 
of the voltage of the lower curve for the chosen conductance. If these 
percentages are taken at equal increments in conductance and averaged, 
an overall percentage increase in insulator performance can be quoted. 
The figure obtained is not necessarily significant, but it does give 
a figure to work with, especially when there are more than two insu-
later. types to be compared. 
· Using this technique, the average increase in performance of 
the Bullers ini;mlator when using conductance curves was found to be 
12,5 °/a from Fig 14. When the conductance values were corTected by 
form factor to give the conductivity pollutant curve of Fig 15, the 
average increase was found to be only 8,2 °/a. This increase may seem 
low, but it must be remembered that the values are obtained for equal 
and uniform specific conductivities of pollutant for the two insulator 
types. The effect that the insulator shape had in determining 
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pollutant accumulation whilst in service has not bGen taken into account 
in the laboratory tests. 
The next chapter deals with how the laboratory curves obtained 
with the method described above could be coupled with field results 
using similar insulators. In this way, an order of merit for insulators 
which includes site severity could be obtained, and used to decide which 
type of insulator is the most suitable for a particular site. 
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C H A P T E R VII 
APPLICATION OF TEST RESULTS 
The effect of site severity on insulator performance cannot 
be iQnored. The rate at which pollutant accumulates onto insulators, 
the amount accumulated, the rate at which it is removed, and the 
amount that is removed, all depend on several factors. These are, 
the type of pollutant at a paTticular site, the distance of the 
insulators from the pollution source, and the weather conditions at 
that site. The weather conditions include the rate, amount, and 
frequency of rainfall, the direction, speed and duration of wind, 
and the duration of high relative humidity values. 
The primary effect of humidity is clear, since it makes the 
deposit conducting and causes arcing on the insulators, but the 
secondary effect is more subtle, since it causes leaching of soluble 
salts. From all the above, it is small wonder that the problem of 
insulator pollution has not been solved, especially when each 
factor is compounded with the effect of insulator shape. 
It is therefore imperative that before an insulator type is 
chosen for a particular site, an evaluation be made of pollutant 
accumulation on insulators at that site. A number of methods have 
been proposed and are being used. Some strictly relate pollutant 
accumulation to weather conditions, while othen-use leakage current 
surge methods, by which the insulators1 performance is judged under 
energised conditions. 
A further simple method is proposed here, whereby inform-
ation obtained in the field can be transcribed into laboratory 
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conditions. This is somewhat different to the method where the order of 
merit obtained in laboratory tests determines directly the insulator 
type selection for a particular site. 
The proposed method is outlined below. Pollutant curves would 
first be obtained for a number of insulator types, in the laboratory, 
as was achieved in the previous chapter. The same types of insulators 
would be erected at a proposed site, either singly or in strings, and 
need not be energised. It is realised that pollutant accumulation 
under energised and unenergised conditions is different, especially 
regarding the accumulation of charged nuclei. However, all the insul-
ator types under test at a given site would be unenergised, and the 
effect of electric stress would be absent on all types. Naturally, the 
collection of pollutant on some insulator types is affected more than 
others by electric stress, but only a relative, and not an absolute 
determination of pollutant accumulation would be required. 
It has already been shown that insulator behaviour in the 
laboratory can be assessed by measuring the conductance or conductivity 
before testing, and conductance measurement application is proposed 
for field tests. Insulators· at the test site would be lowered and 
sprayed with distilled water, and their conductance measured using a 
low voltage a.c.bridge,method. This avoids dry band formation during 
measurement, and the effect of ionic polarisation is minimised. This 
can be done at any chosen interval and is an operation that is easily 
performed. The gaps between the electrodes and the insulating sur-
face of the insulators would have to be filled with cement, or other 
suitable filler, as shown previously. 
The values obtained from field measurements could now be 
marked on the curves obtained in the laboratory for the specific 
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insulator type in question. The position of these points would now 
determine the order of merit of insulators, so that a choice may be 
made for the particular site. Similar tests at intervals may give a 
different order of merit, or perhaps a seasonal order of merit, in 
which case a selection could possibly be made on a statistical basis. 
A hypothetical example shows how the method could work. 
Assume that three different curves have been obtained for three 
different types of insulators shown in Fig 16. These curves will 
have been obtained in the laboratory using the predeposited, partially 
or fully saturated technique described previously. The curves give 
the order of merit for the insulators for a laboratory conductivity 
S of A, B, and C. This is because for the same conductivity S, 
insulator type A requires a higher voltage than type B, which in turn 
requires a higher voltage than type C for flashover to occur. Now 
assume that the conductivity measured in the field for insulator 
types A, B, and C is s2 , s1 and s1 respectively. The order of merit 
'for insulators at this time is then B, A, and c. 
Thus although in the laboratory tests type A was the best 
insulator, when coupled with the field conditions, type 8 would be 
the most suitable. It is necessary to use conductivity and not 
conductance curves and values, since the measured conductance is 
affected by form factor to differing degrees for different insulator 
types,and:aEJ .order of merit obtained using conductance values could 
easily be reversed when form factor is taken into account. This is 
especially significant if a large number of types are being tested 
and the insulator shapes differ markedly.· 
Lower conductivities would normally be recorded, in the short 






















































































,-~ selection for a particular transmission line or area, and the order of 
merit can easily be determihed for these relatively lower values. 
The curves tend to become asymptotic as higher conductivity 
values. If high conductivity measurements are encountered in the field, 
one of-two criteria could be used for insulator selection. If the 
conductivities measured on all types is about the- same, then the type 
that gave the highest curve (A) in the laboratory should probably be 
selected. If the conductivities measured are high but quite different, 
the type with the lower conductivity value should probably be selected. 
In the first case, a slightly higher withstand voltage is obtained, 
whilst in the second case, less pollutant has accumulated. 
In addition, if previous orders of merit had been obtained, 
these should help in selection, since they will give an idea of the 
expected rate of pollutant accumulation. 
Insulator selection using the method described is based on two 
factors. The effect of insulator shape and form factor for the same 
amount of pollutant, and equal conductivities, gave the pollution 
curve position in the laboratory. The effect of insulator shape and 
weather conditions on pollutant accumulation then gives the true order 
of merit for insulator types for use at a particular site. 
· The reasons why this method of insulator selection should 
work are as follows. In laboratory tests the pollutant is evenly 
distributed and evenly wet to give constant conductance per unit area 
of surface. The location of dry bands on energisation is therefore 
basically dependant on insulator shape, since this determines current 
density as a function of' diameter or leak-age length. Whether a unit 
flashes over or not is now governed mainly by the unit area con-
ductance, or the amount of soluble salts present, which is in turn, 
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a function of the initial measured conductance. Thus for a uniform 
pollutant deposition and hence uniform specific conductance, the curve 
obtained in the laboratory, and therefore the probability of flashover, 
is determined by the insulator shape and the amount of soluble deposits. 
This effect is fixed or invariable for a particular insulator which is 
evenly polluted, and for an insulator in the field that becomes evenly 
polluted, the laboratory curve obtained determines its performance. 
However, insulators in the field are not evenly polluted, and that is 
why the laboratory curves have to be superimposed with field results 
to arrive at the final insulator performance. 
Whether or not this method can be applied ta coastal or salt 
pollution is debatable. The difficulty here is that for energised 
insulators, any salt nuclei adhering to the surface make the units 
conducting, and are easily dried onto the surface, resulting in a 
thicker deposit than on unenergised insulators. 
It is not proposed that the method described above should 
replace any of the methods now being used. It should rather comple-
ment the other methods, since it is inexpensive, and easily used. 
It would not be necessary ta use the a.c. bridge described earlier, 
since a low voltage oscillator bridge with any .balance indicator 
would suffice. 
If the method is validated, it would be possible to use it 
at many remote sites, where electric power is not available for tests 
under energised conditions. 
One way in which the method could be validated, is to obtain 
order of merit as described above, and compare it with the order of 
an 
merit obtained by leakage currents for similar insulators, at the same 
site. It was therefore necessary to develop a leakage current measure-
ment system to monitor insulator performance. 
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C H A P T E H VIII 
MONITORING LEAKAGE CURRENTS 
THE MEASUREMENT PROBLEM 
The analysis of leakage currents flowing over the surface of 
contaminated energised insulators is one way of determining the perfor-
mance of such insulators in service. By noting the magnitudes and fre-
quency of discharge currents, and comparing the figures obtained from 
different insulator types and suspension arrangements, two basic results 
can be obtained. The first is an order of merit for insulator types at 
a particular site by using magnitudes or frequency of discharges, or a 
combination of the two. The second is an idea of site severity if the 
same insulators are erected and tested at a different site. 
Leakage current measurements in the laboratory on the other 
hand, can be divided into two major sections. 
One is concerned with reproducing field conditions and results 
in the laboratory. In this way, leakage current analyses can be applied 
directly, or compared with leakage current results obtained from insul-
ators at a test site. 
The other is laboratory leakage current measurements, used 
solely to gain a better understanding of the flashover process. This 
was the line of investigation adopted. 
A problem encountered in monitor'ing leakage currents is the 
large magnitude variation of these currents, making it desirable and 
often necessary to measure and record values ranging from a few milli-
amps to hundreds of milliamps. This requires a change of measurement 
scales or a number of recorders. Leakage currents often appear in 
bursts of high magnitudes," alternating with an almost constant, 
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low-magnitude current. Thus if a chart recorder is used, for example, and 
its range set for the higher magnitudes, the low values are often not 
discerned, or accurately measured on such a scale. 
To overcome this problem, a logarithmic amplifier ( log-amp ) 
was used. The advantages and the disadvantages of using such a system 
are dealt with later. 
It can of course be argued that one would not be interested in 
values of a few milliamps whilst surges of hundreds of milliamps are 
occurring. Unfortunately, after sixty years of problem solving in the 
field of contaminated insulation, it is not yet clear which are the 
important criteria, or what must be measured, especially regarding leak-
age currents. 
It was not for the author either, to decide what was important 
at that stage, and thus cut out possibly useful information by a limited 
recording system. Irrelevant information can always be discarded at a 
later stage, but if it is not recorded in the first place, results 
obtained may give rise to misleading or unqualified conclusions being 
drawn, In effect, the system should be able to give all the information 
c 
available from current discharges, irrespective of the recorder used to 
store such inftrmation. The limiting factor is then the recorder, and 
not the information capturing system, 
It must also be remembered that the amount of information 
obtained from a particular recording system is governed by the effect-
iveness or resolution of such a system. It is also closely connected 
with cost, such as the sophistication of equipment, the amount of 
recording paper used, and the amount of tim~ required for the analysis 
of results. An example is taken where possible results are obtained 
from a peak recording meter used in conjunction with an average 
recording meter. The latter is merely.a peak recorder with a faster 
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time constant. Assume that in preselected timing interval the peak current 
recorded is 200 mA. The output recorded by the average meter, for equal 
average time-areas on the chart, could indicate a number of peaks close to 
or equal to 200 mA with a long, relativly inactive interval, or a large 
number of say 50 mA peaks, with only one of 200 mA, or any combination of 
current values. This clearly indicated the waste, and indeed the useless-
ness of such information, since few conclusions can be drawn from those 
results. The problem can be overcome by using a very fast time constant, 
which in the limit eliminates the peak recorder, but information is then 
gained at the cost of much more recording paper.and analysis time. 
Leakage currents flowing through energised polluted insulators 
can be measured directly, if the insulator string under test is isolated 
from earth by an extra stand-off insulator at the base of the string. 
This methad,shawn in Fig 1?, requires a low impedance recorder so that 
the earth end of the string is kept earthy, and a sensitive protection 
system is needed in case of flashaver. An alternative is ta convert 
the leakage current ta a voltage, using a known resistance at the stand-















A relativly large measuremen~ voltage can be obtained in this 
way by using a high resistance value. It also overcomes diode volt-drop 
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if rectification of the voltage is used. Instrument protection is 
simplified but the high impedance circuit is more susceptible to inter-
ference. 
To overcome the problem of interference, a low resistance was 
used at the stand-off insulator, whilst the low voltages produced were 
rectified by an operational amplifier ( op-amp ) rectifier circuit, 
eliminating the diode forward-voltage drop. 
THE STAND-OFF INSULATOR 
A stand-off insulator was designed and constructed which 
eliminated the measurement problem at the insulator end. Reference is 
made to Fig 19 and Photograph 10. 
Two resistors (A) of about 400 ohms each were used in parallel 
to produce a low voltage from leakage currents. If 500 mA is used as the 
maximum measured current the system requires a protective voltage of 
about 100 V, and a Philips 43?8 surge arrester (B) was connected across 
the resistors. This has a measured stiking voltage of 115 V peak, and 
an energy discharge of 10 Watt-seconds and a 10 A current capability for 
three seconds. As further flashover protection, a small adjustable 
spark gap (c) is also used. The resistors, gas valve, and spark gap are 
enclosed in a 70 mm diameter tube (D), sealed with a cork gasket (E) and 
screw-an cap (F). This is to protect the spark gap from moisture, which 
would soon short out when the unit is used with fog or mist spray. 
The unit should be able to withstand fair pressures caused by heating due 
.. ta insalation, or coaling at nights, should it be used in the field. 
A protected breather hole is considered unsatisfactory since condensation 


































































































The load tha t can be susta ined by the unit is determined mainl y 
by the t ensile streng th of the bolt connection (G) to the earthy end of 
the insulator, the shear stress of the insulating disc ( H), and the eye 
hook (J) on top of the unit. Electrical connection between one end of t he 
s park gap a nd the tube i s by a brass ring (K) touching the t ube when t he 
unit is a ssembled. A U.H.F. connector (L) sea led onto the tube , provi des 
electrical access between the r esistors and an external screened l ead . 
The distance be tween the cap and the connecting bolt need not be large 
since the potential difference between the two is normally lower t han 
100 V. A screened lead 10 m long was used between the stand-off insul-
ator and the leakage current recorder, which was housed in the control 
area of the laboratory. 
THE RECTIFIER 
For model insulators or single discs to be tested in the 
laboratory, it was assumed that a leakage current of about 500 rnA would 
constitute a flashover. This is an entirely arbitrary value _and was 
chosen only for the system recording design. It does not mean that if a 
current 500 rnA is reached a flashover ensues, but that the recorder will 
not monitor currents greater than that value. Thus the value is simply 
a recording protection limit, and flashover is monitored either visu-
ally, or with a fuse in the high voltage or low voltage supply circuits. 
In the laboratory tests, a flashover was monitored visually, 
and a manually operated circuit breaker was used to disconnect the 
supply. A fuse-operated back-up was also used. 
The problem of diode forward-voltage drop when using a low 
voltage source, which occurs with bridge rectifiers was overcome by 
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using an op..amp r ectifier circuit, s hown as part of Fig 20 . 
The r ecording end of the screened l ead fro m the stand-off ins ul-
ator is connec ted to a small 50 kn potentia l divider. This ensures a high 
impedance input, most of the generated current going to earth at the stand-
off insulator. The low current flowing down the line also ensures a mini-
misation of interference pi ck- up . This divider was adj usted so that when 
25 rrA was flowing thr ough the resistors a t the stand-off i ns ulator , an 
output of 500 mV was obtained. The ca l ibration was performed using a digi-
tal voltmeter and an oscilloscope with the protection system at the stand-
off insulator disconnected . The divider thus ensures that the input to the 
rectifier is only 10 Vat flashover. The voltage is then fed to an op..amp 
rectifier. This has a diode o1 in the feedback loop of the amplifier, the 
forward-voltage drop thus being divided by the open loop gain of the op-
amp. In this way it was possible to faithfully rectify voltages of less 
than 2 mV peak, which is as sensitive as the oscilloscope will allow. 
The diode o2 ensures that the op..amp does not saturate when t he output 
swings to positive rail voltage as the negative half cycle input is 
encountered. The first amplifier is followed by a second op-amp which 
sums the half-wave rectified output from A1 and the a.c. signal via R3 and 
R4 to give a full wave rectified output from A2 • The value of R3 was 
adjusted until both half waves were the same magnitude at the output of 
A
2
• R8 and R12 are used to compensate for the op-amp offset currents. 
The system rectifies faithfully up to 14 V peak, thus the maxi-
mum set by the stand-off insulator gas valve and potential divider is 
adequate. A fair number of flashovers occurred during the series of t ests, 


































































































































































A1 LM 741 H 3 0 - 15 k R14 
A2 LM 741 R4 10 k R15 
A3 LM 741 R5 27 k R16 
A4 LM 741 R6 10 k R17 
A5 LM 741 R7 10 k R18 
01 1N 4005 RB 100 k R19 
01 1N 4005 R9 0 - 4,7 k R20 
03 1N 914 R10 18 k R21 
z1 3,3 v R11 6,8 k R22 
T/T2 MO 8001 R. 50 k R23 in 
R1 0 - 50 k R12 100 k R24 
R2 27 k R13 2 k c1 
c2 330 pF c3 150 pF c4 
All resistances in ohms, 0,25 W. 
Component values for Fig 20. 
v COMPARATOR OUTPUT 
VO= VR-\ 
























THE LOGARITHMIC AMPLIFIER 
The c i rcuit for the logarithmic amplifier is shown as part of 
Fig 20 , a nd gives a logarithmic output vol tage for a l i near input 
current. The circuit r elies on the logar ithmic r el ationship between 
collector current a nd emitt er-to-base vol tage of a transistor, and uses 
a matched pair of transistors run in the grounded-base mode, in the 
feedba ck loop of an op-amp. 
The current is created from the input voltage v2 by the 
resist9r R. • Negative feedback forces the collector current of T
1 
to in 
be exactly equal to the input current. Negative feedba ck through A
4 
also forces the collector current of T2 to equal the current through 
R15 • Since the collector current of T2 remains constant, the emitter-
base voltage also remains constant. Therefore only the emitter-base 
voltage of T
1 
varies with a change in input current, and hence the 
logarithmic relationship is established. 
Accuracy for low input currents is determined by the error 
caused by the bias current of the first op-amp A
3
• At a higher input 
current in the order of mA the transistors T
1 
and T2 limit accuracy. 
The log-amp output is 3 ia accurate referred to the input for currents 
between 10 nA and 1 mA. At currents above 0,5 mA the transistors 
devia·te from log chara cteristics due to emitter resistance, but for 
currents from 40 nA to 400 µA the convertor is 1 ia accurate referred to 
the input. If the upper ranges are often encountered, it is advisable 
to use larger transistors, In the prototype, the current into the 
log-amp generated by leakage currents at the stand-off insulator, was 
from 100 nA to 200 µA, ensuring 1 ia accuracy. The amplifier is affected 
by temperature, and R
18 
is a thermistor used to compensate for this. 
It must be noted that a 1°C temperature difference between the log 
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transistor s , a nd the compensating r esistor r esults in a O 3 °~ error 
, . J /C t 
and the R18 should be pla ced thermally close to , or i n con tac t with the 




de termine the current zero 
crossing on the output . For a r a il vol tage of 15V and 1,5 M r esistors, 
zero crossing current is 10 }JA. Thus 10 nA a t the input should produce 
0 V a t the output. In fact the output of the amplifier is positive 
decreasing linearly with the log of input current, a nd a subtracti ng 
op-amp was used a t the output. 
The gain of the amplifier ca n be set to give any r a t e of volt-
age cha nge ,per decade change in input current, by altering the value of 
R17 • On the prototype it was ad justed to give 1,0 V ouput per decade 
input. The r ange of gains available is from 0,2 to 3, 0 V per decade. 
The subtracting amplifier used at the output, ensures that for 
a chosen input current to be used at base value, the final output can be 
set to 0 V. The reference off-set voltage is set by a small potential 
divider R23 , one end of which is tied to the supply voltage, and the way 
in which the positive increasing output was obtained is shown in Fig 21 . 
For the case where there is no leakage current at the insula tors 
and thus no output current to the log-amp, the amplifier output goes to 
positive rail (+15 v), and the final output goes to the negative rail 
minus the offset voltage from R23 • The amplifier output was later 
connected to a magnetic tape recorder, which has an input voltage of 
+ 5 V. A zener diode z
1 
was used to keep the output bound to - 4 V 
under this condition. The diode o
3 
ensures that negative voltages create 
current flow through the zener, limiting the output to - 4 V, and that 
positive voltages are unaffected. 
As before, in both the flashover condition, and the condition 
where no leakage current was flowing, the amplifiers were unaffected. 
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,. SYSTEM CALCULATION 
The system is shown in block diagr am form i n Fig 22, a nd Table 1 
gives the current and voltage values obtained at various points i n the 
compl e te circuit, for conditions from no leakage current to fl a shover . 
The actua l va lue of the t wo reststors in parallel at the s tand-
off insulator was 216,85 ohms, and the measured gas va lve inception 
voltage was 115 V peak . Thus for a leakage current 1
1 
fl owing through 
the polluted insulator, the approximate current 1
2 
flowing down the 
line to the 50 kn. potential divider is : 
= 216 
50k 
= 4 32 10-3 1 , x 1 
Thus for 1
1 
= 0,25 mA, 12 = 1 uA, and for 1 1 = 250 mA, 12 = 1 mA. 
Therefore the current flowing down the line to the rectifier is 
generally small, ensuring that any interference near the line causes 
minimum error. No problems were experienced throughout the tests, and 
the base level of the measurable current was thus chosen as 0,25 mA. 
This value was again arbitarily chosen, but leakage currents 
below 1 mA are not of real interest. 
The 0,25 mA base level thus produced 5 mV at the input and out-
put of the rectifier, and also made possible the use of 100 nA input 
current to the log-amp, instead of the 10 nA, further reducing possible 
error. 




= 5 x 10-
3 
100 x 10-9 
= 
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~! _____ j Vo 
Fig 22 System block diagram 
IL v, v2 I3 v 0 
0,00 mA 0,0 mV . 0,0 mV 0,0 nA -4,00 
0,25 mA 54, 1 mV 5,0 mV 100 nA 0,00 
2,50 mA 541 mV 50 mV 1,0 uA 1,00 
25,0 mA 5,41 v 500 mV 10 uA 2,00 
250 mA 54, 1 v 5,0 v 100 uA 3,00 
500 mA 108 v 10,0 v 200 uA 3,30 
F/O 530 mA 115 v 10,6 v 212 uA 3,46 
Table 1 System voltages and currents 
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At gas va lve incep tion vol tage , ( flasho ver conditi on) , only 10 , 6 V 
a ppear a t the i nput a nd ou tput of the rectifier , giving 220 uA input to 
the l og-amp, a nd hence 0, 22 mA through the transistor s . Therefore a ll 
va lues of voltage a nd current up to a nd including the flashover condition 
a r e wel l with i n the r ectifier and log-amp limits . Four decades of i n- put 
current is thus adequate, a nd the sensitivity of the log-amp was 
adjus ted by R17 to g ive an ouput of 1,0 V per decade . The offset vol t-
age a t the subtra cting amplifier was then set such that 0,25 mA flow-
ing at the stand-off insulator gave 0 V at the output to the r ecording 
I 
appa r a tus. 
The output voltage V
0 
for leakage currents IL in milliamps 
at the stand-off insulator, using 1,0 V per decade output is given by 
A small problem arises whether to use peak or R. M.S. values. 
Either can be used, but the problem must be looked at in conjunction 
with the proposed recording system. Because the output of the log-
amp initially gives large variations for small changes in input -
current, an offset error arises if the amplifier is calibrated for 
peak values, and a meter-type recorder is used as instrumentation. 
However, the R.M.S. value of the logarithm of a sinusoidal function has 
no real meaning1• All that can be used here is the average time-area 
under the output curve, giving some error. Alternatively, a meter with 
a long time-constant can be used, such that the indicated output tends 
to the peak of the half-waves. This t ends to defeat the exercise of 
capturing a maximum amount of information, and more will be said about 
it i n the next section. 
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For the case where the output was r ecorded on mag netic tape , 
peak va lues of input currents a nd output voltages were used , ca l ibra-
tion being adjusted accordingly. 
RESULTS FROM LEAKAGE CURRENT MONITOR 
In order to assess the aptness of different recorders in 
monitoring leakage currents, the output voltages at the rectifier and 
and at the logarithmic amplifier were fed to two recorders. 
The outputs were fed via suitable scaling, to two tracks of a 
Sefram pen recorder which has a frequency response of 20 Hz, and to 
four tracks of an S.E. 3006 ultraviolet galvanometric recorder . with a 
1000 Hz frequency response. Time constants for the various tracks were 
adjusted by means of capacitors to observe the effect of different 
recording systems. The points of measurement are shown in the block 
diagram of Fig 23. It can be seen from Fig 24 that some non-
logari thmic records are off scale at times, and that although the pen 
recorder tries to follow the signal, due to its slow response time, 
it records a reduced trace without' much detail. Using the logarithmic 
amplifier, all traces remain on scale, and the pen recorder gives a 
much improved trace compared to the one with plain rectification. 
This is due to the reduced amount of pen travel required for a large 
magnitude swing, thus decreasing effective instrument reponse time, 
and also giving a good representation of the galvanometric record. 
Traces E and F have no time constant, while C and 0 have a 
time constant of about 0,025 seconds. These four records were 
obtained using the U.V. galvanometric recorder. Those of A and 8 have 
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Fig 24 Typica l leakage current r ecords 
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Sofrom pen recorder. It wo uld thus seem tha t a ny time constant greater 
thnn about 0,05 seconds will only show average current, with a suppr essed 
surge magnitude . 
If a ccura te knowledge of current magnitude is r equi r ed with only 
one r ecord i ng system, small time constants are important . At the same 
t ime this also requires a n increased chart speed, and therefore r equir es 
gr eater expenditure for long term application. 
Although the logarithmic r ecorder overcomes the difficulty of 
scale changing, a nd improves the r esponse time due to decreased pen 
travel, there is one ma in factor against it. The human eye is accus-
tomed to interpreting linear changes in magnitude, and it r equires 
considerable practice to interpret a logarithmic magnitude recording . 
In addition, most cha r t records are narrow, a nd a change of a milli-
metre or so, is difficult to discern . This small magnitude change may 
be a sign i ficant current change , perhaps of 100 rrA, depending on the 
range chosen, a nd the position of the recording pen at the time. 
These final problems can easily be overcome by using computer 
techniques, and the logarithmic system developed is ideally suited to 
these techniques. 
The output from the logarithmic amplifier, now bound be tween 
~ 4 V, was recorded on a magnetic tape through one of the tracks of a 
Philips Analog 7 t a pe recorder. This tape recording was then analysed 
using the Electrical Engineering department's Varian 620 mini-computer . 
A sample computer analysis, performed on results obtained from 
a polluted insulator test, is shown in Fig 25. Two sets of results 
are printed out for a number of half-cyclic peak value of currents bet-
ween various limits. Two hundred consecu~ive half-wave peaks were 
analysed, or the equivalent of two seconds. As a further example, 
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NO . OF p AKS GR ATER THAM 5Q MA .= 0 
MO. OF PEAKS HEE ·~ 30 MA . AtlO '50 t1A . = 0 
NO . OF PEAKS BEHJ EN ..... C' ,;:. .~ MA . ANO 30 MA. = 127 
tiO. OF PEAKS LESS THAM 25 MA. = 73 
READY 
fiO . OF PEAKS GR ATER TH At·~ 40 MA .= 0 
HO . OF PEAKS 8EHJEEH 2C' ·J MA . At-JO 4~1 Mfi. = 127 
t40 . OF PEAKS BEHJEEtl 20 MA. AMO ·j,C" ... ·.../ MA .= 72 
t·W. OF PEAKS LESS THAM 2~) MA = 1 
F~EADY 
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the 200 peaks a r e shown gr aphi ca l l y, first as a l ogar i t hmi c r esponse , 
nnd the l inear l y. Tabl e 2 gives the measur ed vol t age as r ecor ded on the 
t a pe , of t he first 62 poi nt s f r om the s tar t of t he sa mpl ing , whi l s t 
Table 3 g i ves t he corresponding l eakage current va lues . The output is 
s hown t o s ix f i gures beca use t ha t is t he comput er accura cy , but the 
r es ul t s s hould only be r ead to t wo dec imal places . 
Ta ble 2 , Tabl e 3, a nd Fig 25 ar e not mea nt t o have a gr ea t 
significa nce in themselves, but are included as an example to s how the 
power and versa t i lity of this method and i ts a ppl i ca t i on. The numb er of 
poi nts t ha t ca n be ana lyseQ is not l i mited to 200 or any other figure . 
It is a lso very easy either to store the calcula t ed peaks onto 
computer tape, or re-run the magnetic tape with cha nged computer 
program parameters, to obta in results using different limits. In 
addition, if it is seen from a particular set of results tha t some-
thing of interest may have occurred, the relevant section can be easily 
accessed and displayed graphically. 
Statistical analysis of results could also be used, merely 
requiring another computer program. Timing is simply achieved, since 
100 peaks equal one second, assuming a 50 Hz supply frequency. The 
short and simple computer program used for the analysis is given in 
Appendix C for interest. 
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CONCLUSIONS 
Tests started with contamina t ed cylindrical i nsulato r model s 
l ed to the predeposited prewet t echnique being appl ied to practica l 
insula tor sha pes. 
It was found tha t provided pollutant layers a re kep t thin , a nd 
excessive wetting is avoided , polluti on curves for practical insulator 
J 
sha pes ca n be obtained by merely measuring the conductivity before 
energisation, Si nce surface conductivity can be used as the measure-
ment criterion, it was also possble to use partial, but uniform 
wetting to achieve any desired conductivity for testi ng. This elim-
inates the probl em of pollutant run-off, which occurs when insulators 
are wet to maximum conductivity. It was also found that any inert 
substance can be used as the pollutant, provided that conducting 
salts are present, and tha t measured conductivity before energisation 
is used to plot the pollution curve for the insulator type under test, 
A method by which the curves obtained in the laboratory could 
be used to predict insulator performance in the field was evolved, 
This method superimposes the effects of insulator shape and site 
severity onto the labora tory curves, to give an order of merit for 
insulators under test at a given unenergised site. 
A leakage current measurement and recording system was 
developed for laboratory and test site use. The system incorpor-
ates, a low impedance stand-off insulator. to monitor currents, an 
op-amp rectifier to elimina te diode voltage drop, and a logarithmic 
amplifier to compress the range encountered when monitoring leakage 
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currents. It is particularly suited to comp uter a nalysis of r esults . 
The system ca n be used to gain a better und ersta nd i ng of the fl ashover 
process, and of the criteria governing flashover. 
It must be stressed that the present power supply for t ests 
in the High Vol tage l aboratory a t the university is only adequa te for 
single insula tor units, a nd it would be desirab l e to r epla ce the 
existing equipment with a better system, so that pollution tests can 
be conducted on insulator strings, or 'long-stab' type insulators. 
Further investigation should be concentrated on two fields. 
The first is the analysis of leakage currents, both in the field, 
and in the laboratory. The second is the use of the proposed method 
of determining an order of merit for insulators. Insulators already 
erected at 'dead' sites by ESCOM, near Cape Town, could easily be 
used for field investigation, while similar insulator types to those 
in the field will be required for laboratory tests. 
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A P P E N D I X A 
CONDUCTIVI TY BRIDGE 
The full curcuit of the split phase conducti vity bridge i s 
shown in Fig A1 . The bridgG arm containing the el ectr olyte cell 
con sis ts of two sockets 1 SK 1 a nd SK2 , a nd the r es is tmf-3 elected by S 1. 
The other bridge arm consists of R
3 
a nd the bridge potentiome t er VR1 i n 
s eries wi th its r ange limiti ng resistor R
4
• These two bridg e arms a r e 
fed in antiphase from the transformer. 
The same antiphase voltag es, in cross-over connection, drive 




, connected to the cen tre 
points of the bridge arms. Each drive connection is via a diode, D
1 
a nd D3 • The arrangement is such that each transistor short-circuits 
the negative half-cycles of the bridge waveform it is sensing, as seen 




• These resistors are inserted to avoid 
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Fig A1 The conductivity bridge 
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However, the net impedance seen by the el ectrolyte cel l bridge would be 
sligh tly lower on negati ve ha lf-cycles, beca use R
10 
then shunts the 
r esis tors on S1 directly via T1, but only indirectly via the r emainder 




a nd T2 on the positive ha lf-
cycles when T1 is cut off. This amounts to slight partial r ectifi ca tion 
in this bridge a rm, and R5 and o2 j ust ca ncel this by imposing the right 
amount of additiona l loading on the positive half-cycles . 
This form of compensa t i on is satisfactory only i f the highest 
bridge a rm impeda nce is a t most 10 °/a of the electronic switch impeda nce . 
The l a tter is nominally 1 Mn to match standard oscilloscopes, so that 
the highest bridge resistor value that can be used is 100 k.1\.1 corrected 
to 110 kn with R
6 
to allow for the switch shunting effect. 
The electronic switch operates entirely with a .c. voltages, 
requiring no separate rectified collector supply. Considering either 
transistor alone, when the bridge arm feeding its collector is describing 
a positive half-cycle, the transistor collector is receiving normal 
polarity, but the base is cut off because zero voltage is applied to it. 
The diode in series with the base drive holds off the actual negative 
voltage applied from the other bridge arm, wh i ch is just describing its 
negative ha lf-cycle. Without the diode, reverse breakdown would occur 
between base and emitter of the transistor. The negative half-cycle 
in the bridge arm feeding the collector inverts the transistor, i.e. 
intercha nges the roles of collector and emitter, a condition lead i ng to 
parti cularly small residual switch voltages. At the s ame time the other 
bridge arm is now describing its positi ve half-cycle, so that the base 
diode conducts and turns the transistor bard on. The transistor thus 
behaves as a V·'2X'Y efficient short-circuit to earth, especially as it is 
running inverted in this phase period. Only the signal from the other 
A85 
bridae a rm which is describing the positive half-cycle, can get through 
to the output terminal. Thus the composite signal at the output is a 
.train of positive sine-wave half-cycles, with alternative ones belonging 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































c 2 , 3 2 , 3 2 ,3 3,5 3 , 5 3,5 3,5 3,5 2,2 2,2 
v 23,0 22,0 23 ,0 22 , 0 21 , 0 22,0 22 ,0 25,0 23,0 22,0 
R w w F w w VI v VJ F \'J 
c 2 , 2 2 , 2 3 , 1 3 , 1 3, 1 3, 1 3,2 2 ,3 2,2 2 ' 1 
v 25 , 0 24,0 24 , 0 22 , 0 20 , 0 21 , 0 22 , 0 25,0 22,0 23 , 0 
R F F F F F \V F F F v 
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MODEL TESTS USING KAOLIN 
c = Conductivity 
v = Voltage 
A = Result 
F = Fla shover 
w ;::: Withstand 
c 0,8 1, 0 1, 8 2,0 ~ ' 8 1, 9 2,0 3,0 2,0 2, 1 
v 29,3 29,3 27,0 26,5 26,0 24,0 24,0 24,0 24,0 24,5 
R w w F F F w w VJ w w 
c 3,2 3,6 2,8 6,5 5,4 6,0 4,6 4,8 3,5 3 ,6 
v 23,5 22,0 22,0 20,0 20,4 20,0 20,4 20,0 21, 0 20,5 
R F w w F' F w F w F VI 
c 2,5 2,2 3,0 1,5 2,0 2,0 1, 6 1, 3 1, 1 1, 6 
v 23,0 24,0 22,0 24,0 23,0 24,0 26,0 30,0 30,0 26l0 
R F F F w w w w F w w 
c 2,4 5,2 1, 6 1,4 3,6 2,0 2,3 4, 1 6,9 3, 1 
v 23,0 20,5 2?,0 2?,0 21, 0 22,0 22,0 20,0 20,0 24,0 
R F F F w F w w VJ w F 
c 2,2 4,2 1,8 3,3 4,3 4,0 5,2 2, 1 2,4 3,6 
v 24,5 20,0 26,0 23,0 20,0 22,0 21,5 21,5 21,5 21, 0 
A F VJ F F w F F w VJ F 
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BULLERS INSULATOR TESTS 
c = Conductivity 
v c Voltage 
R = Result 
F = Flashover 
w = Withstand 
c 2,2 5,6 5,8 7, 1 5,8 7,2 8,6 5,6 10,3 5,3 
v 23,0 23,0 25,0 23,0 23,0 22,0 21, 0 22,5 20,5 25,0 
R VJ w F F F F w w F F 
c 6, 1 6,4 7,2 8,2 6,5 15,9 19,0 16,0 1, 7 3,9 
v 22,5 21,5 21, 0 20,0 21,5 19,5 19,0 19,0 29,6 26,0 
R F F w w F F F F F F 
c 3,3 9,5 7,8 10,5 5,3 5,7 8,3 14,0 16,0 13,8 
v 25,0 20,0 21, 0 19,5 24,0 22,5 20,5 18,5 18,0 19,0 
R F F F F F F F F F F 
c 3,8 2,5 3,5 3,8 5, 1 4,0 2,0 . 4,8 8,5 11, 2 
v 25,0 26,0 24,0 24,0 21, 0 22,5 26,5 23,0 19,5 19,0 
w w· F F w w w F w ,., " 
c 16,7 14,8 12,4 2,7 4,6 18,6 16,7 5,5 13, 1 9,0 
17,5 18,5 19,0 26,0 22,5 18,0 18,0 22,0 18,5 20,5 
w VJ w F w w w F w w 
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A P P E N D I X C 
Computer Progr a m For Leakage Current Ana lysis 
5 Cf\LL MTN F Cl 
1 () CPL L FF\.i I ND 
1 5 C/IL L P c, 1, ?, , f 
2 n Cf.'.L L r. f\.: It'J D 
B 0 L F.T L 1 = 1 l:?.0 
8 5 L F T Le' = ?5 
-,-, 9 ('I L FT L 3 = 9 9 5 '/Z ,.:. ,; r L 4 .· · ·· ··· 
9 5 L F T F= 0 
1 00 DIM /I C2 0Ql, F C20G l 
1 ClS L FT L = 200 
1 1 0 L FT K= 0 
11 5 L E·r C l= 5 1 20 47 
1 :?O L FT C2 = 3 
1 :?5 L F: T C3 = ?00 1 1. 9 
1 ?7 L FT C4 = 40 
1 30 L FT Cl= • 1 
1 35 L ET ('2=-. 9 
1 4 0 Lr T R 3 = - 1 
14 ~ L ET N l=N2=N3=N 4= 0 
1 5 0 L f. T V = n 
155 F 0 P I= 1 T0 L 
160 Cf\ LL DM T, ~ Cil 
1 (, 5 I F f\C I l > ?.O <O TfffN 1 f>O 
1 7 () NFX T I 
1 7 5 I F F = 1 TH EN 2 3 0 
160 LFT M= 0 
W 5 F ri P I = 1 "f(J 1 5 
190 I F P(I+Vl< 0 Tf..f EN 220 
19 5 I F M I+Vl<M THFN 2Ci 5 ,. 
2 00 L ET M= /I CI+Vl 
202 LF. T N=I 
205 NFX T I 
2 10 LF. T F= 1 
2 12 L ET V= N+V 
2 15 GfJ T 0 ?. 55 
2 20 L ET v=V+ 
2 2 5 GrJ T O 18 5 
2 30 F OR I= 1 TO 1 0 
2 3 5 I F A C I + V l < 0 Ti-I FN ll 6 5 
2 4 0 I F N I + V l < M Ti-I EN 2 5 2 
2 45 LFT M= ACI+Vl 
250 NEX T I 
252 L E T V=I+V+ 7 
?.55 LE T K=K + 1 
260 LET FCKl=M*Cl 
265 L F T M= 0 
2 7 5 I F V > C L - 1 0) TH F.N 1 5 Cl 
28 0 IF K < 20 0 THEN 23 0 
28 5 PPIN T " PEJ'.l.K NO",""IJ .P.L UF " 
290 FOR I= 1 TO 6 1 STFP 2 
295 FPI N T I, H I),I+ 1, p cr+ 1) 
300 NEX T I 
3 0 2 i:i J'.II T 1 0 0 0 
304 CJ'.ILL EE.PSE 
305 GOSUB 47 5 , C l 
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:-i, r 7 l. FT I= I 
:-i, I 0 C !'·LL l fJ I ~\J T , C I I C J + 0 ? ) , < H I ) I C ? + r I ) 
3 I ~) F (j l I = 1 . j- (j { c~ n 
3 ? 0 LFT Y=H I)/C?+ l' l 
~ ? 5 LF1· ~ =1/ C3+r2 
33 0 C~LL LINf· , x , y 
3:1~ NF:<'.T 1 
Jh O G O ~ U P 4 7 5 , 03 
3 LJ !1 L FT i-: 1 = FX H H 1 ) ) * ? • 3 l'• ? 9 n 
3LJS CP·LL F fJlNT ,C l/ C3 + 0? ),C P 1/ CLJ + 0 ~D 
3 5 o FCJ 1 · 1 = i Tr) ? r o 
3 :J 5 L FT H I ) = FX H H I ) ) * ?. • 3 ("1 ?9 g 
36 0 LF1 Y=~Cl) / CLJ + r3 
3c, 5 Ll<T X=l / C3+ r?. 
370 CPLL LI F , x , y 
:1 7 5 NFX T 
3 7 6 \·i M T ~ n n 
3 715 Cf'.\LL EF/..\ S E 
3 1·{ 0 F fJ F. 1 = 1 T fJ ? n n 
J t''.)5 IF FCU>Ll THF.'.\l £110 
39 0 1 F H I ) > L 2 TH E'N Li 2 0 
39 5 I F H I ) > L 3 TH F.:N .!130 . 
LJ OO L ET Nli=N4+ 1 
£1 05 GTfJ l!35 
LJ!O LFT N l= N l+ 
415 GfJTfJ !J35 
Li ?O L FT N :?= N 2 + 
..:1 9. ~; Fi (J FJ £1 3 5 
ti3(J LJ :f ?'33 .'J;Ji 
tr-3'5--N-F.X T I 
~-F-~. 01 lJEO L~~->..J.fl+-1-
ll:?S GfJT fJ Li 35 
4 30 LFT N 3=N 3+ 
LJ35 NFXT I 
Pf.INT " N 0 • OF PEP.KS GRF.PTEP '11-U'·N "; L 1 ; " !"' p . • = " ; \J J 
PE I NT 
F-'Fl NT " N 0 • OF FFP.KS PF'HiFF\J "; L ?; " Mf-'l • f-'l~ D"; L 1 ; "t"1 P • = "; \J? 
Frif\JT 
PFI NT " N 0 • fJ F PEPl'\S PF: T\VEFN "; L 3 ; " M /':> • f :\JD" ;L 2 ; " (v) / • = " ; \J ~ 
Ff. I NT 
Li lJ 0 
Lj Lj 2 
l! Lj 5 
lj 4 7 
Ll50 
4 5 2 
.!155 FP I ,\JT "N 0 • OF PE.f-'ll'\S LESS TH Pl\J "; L 3; " CV: fl • = " ; N LJ 
LJ5'/ GfJT O 600 
4 60 F.ND 
LJ 65 F-' P.I NT " F.N D fJF DATf-1" 
l.J70 F.N D 
LJ75 SUP C 
L18 0 CPLL P O INT , 1, C 
LJ 85 CPLL LI NE,-. 9 ,c 
490 C..C.LL LINE,-.9,c .9+C) 











F fJ F. I= 1 TfJ 6 1 STFP 2 
F-PI NT I .. P < 1) , I + l, P C I + 1) 
N FY. T I 
El\JD 
LFT F= 100 
FfJP I= 1 TfJ F: 
l 'F INT P< I ) 
NEXT I 
l·.N D 
LF:T I= 
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